There is accumulating evidence that engagement with digital math games can improve students' learning. However, in what way individual variables critical to game-based learning influence students' learning success still needs to be explored. Therefore, the aim of this study was to investigate the influence of students' acceptance of game-based learning (e.g., perceived usefulness of a game as a learning tool, perceived ease of use), as well as their intrinsic motivation for math (e.g., their math interest, self-efficacy) and quality of playing experience on learning success in a game-based rational number training. Additionally, we investigated the influence of the former variables on quality of playing experience (operationalized as perceived flow). Results indicated that the game-based training was effective. Moreover, students' learning success and their quality of playing experience were predicted by measures of acceptance of game-based learning and intrinsic motivation for math. These findings indicated that learning success in game-based learning approaches are driven by students' acceptance of the game as a learning tool and content-specific intrinsic motivation. Therefore, the present work is of particular interest to researchers, developers, and practitioners working with gamebased learning environments.
Introduction
Digital games are a ubiquitous part in our everyday life. Be it on your own smartphone, console or your personal computer. Recently, however, there is an increase of research interest into games in educational practice reflected by terms such as game-based learning, educational games or serious games. These educational tools have the potential to provide engaging, motivating and interactive learning environments and thus promote learning outcomes. In primary and secondary education in particular, game-based learning provides a promising approach to engage students in acquiring knowledge, initiating behavioural change and content understanding, just to name a few outcomes (for a review see [1] ). According to [1] , games seem to be most popular in the domain of mathematics instruction. Nevertheless, [2] argued that while it is easy to find digital games for learning mathematics, only very few of these existing games are based on theoretically sound principles, integrate mathematics directly into the gameplay, rely on good pedagogical practices, and exploit possibilities that game technologies provide for learning. In fact, [2] concluded that to date only a few existing mathematics games indeed focus on developing numerical cognition and mathematical thinking.
In this vein, the current study employed a game for teaching mathematics based on most recent developments in research on numerical cognition. In particular, we used the Semideus research engine, which was already used successfully to assess students' rational number knowledge (e.g., [3] [4] ). The present study extends the scope of these articles by evaluating possible influence of individual factors such as intrinsic motivation for math (i.e., math interest and math self-efficacy) but also game-related individual variables on the acceptance of gamebased learning (e.g., perceived usefulness of games) and quality of playing experience on learning success with the employed game.
In the following, we will first give a brief overview regarding the use of games in math learning and the presumable role of self-efficacy and math interest, as predecessors and determinants of intrinsic motivation, on learning outcomes. After that, we briefly introduce ideas on the acceptance of games as a learning tool and the experienced quality of game play as assessed by the experienced flow during playing.
Games in math learning
Because of the importance and relevance of primary and early secondary mathematics education as building blocks for later mathematics achievement, the existing popularity of math games is not surprising. More importantly, however, computer-supported approaches on math learning (including math games) seem to be effective in teaching students and some of them produce even better effects than conventional approaches or paper-based approaches (see [5] [6] for a review). As such, positive effects of digital game-based learning have been shown in different areas of mathematics, such as the understanding of number magnitude (e.g., [7] [8]), basic arithmetic operations (e.g., [9] ), solving simple equations (e.g. [10] ), etc. Taken together, digital games for learning are not only popular in the domain of mathematics education but also seem to be effective.
In the present study, we based the core gameplay of the employed Semideus research engine on the mechanic of a number line estimation task because this task has been shown repeatedly to provide meaningful measures of children's numerical competences as well as to be effective as a training tool to foster children's understanding of whole number (e.g., [11] ) but also fraction magnitude (e.g., [3] [12] ). More specifically, the number line estimation task requires players to map numbers onto space. For instance, they are shown a horizontal line with specified start and endpoints (e.g., 0 and 1) and asked to estimate the position of a given target number on the line (e.g. 2/3 or 0.75; e.g., [12] ). Importantly, performance in the number line estimation task is not only associated with actual and predictive of future arithmetic performance (e.g., [11] ) but recent studies demonstrated that it is associated also with children's understanding of number magnitude (e.g., [13] [14] ). This makes it a perfect candidate for a basic game mechanic (for more details on the employed game see 2.2). Accordingly, the design of the employed game was based on recent developments in numerical cognition research (e.g., [15] for a review on rational number knowledge; for more details on the theoretical foundations of Semideus see also [3] ).
As regards the employment of digital games in educational contexts, it is obvious that one of the aims for doing so is increasing the enjoyment of students during learning. And indeed, as a medium for learning, games or game-based environments provide promising possibilities to motivate and engage students in learning (e.g., [16] ). In fact, even simple game-like extrinsic motivators, such as score points, can increase enjoyment in learning but also simple cognitive tests (e.g. [17] ; for a review see [18] ). However, in the present study we specifically aimed at investigating the potential effect of intrinsic motivation or interest in mathematics [19] , respectively, on learning success in a game-based environment. This should allow for examining whether interest in the learning domain is still a relevant predictor of learning even in an enjoyable game-based learning environment. This seems particularly relevant because intrinsically motivated individuals may not require extraneous incentives to learn [19] . In this context, the feeling of competence or self-efficacy during an activity needs to be considered as it is an important predecessor of intrinsic motivation because it allows for satisfying the basic psychological need for competence [19] [20] . Importantly, it has been long known and consistently been demonstrated that math self-efficacy predicts math related performance in traditional school settings (e.g. [21] [22] [23] [24] [25] ).
Acceptance of games as a tool for learning
In recent years, increasing research interest has been devoted to the role of games and game elements as a tool for learning (for a reviews see [1] [26] ). As a consequence, teachers and parents now become also more aware of this new learning approach. However, successful employment of such new and innovative learning approaches requires high levels of acceptance or perceived usefulness by the involved individuals. Currently, teachers often still lack experience with games for learning or with video games in general (e.g., [27] [28] [29] ). However, recent studies indicated that they nevertheless think that games can provide opportunities for learning [29] . Parents also seem not ass experienced with video games and thus are rather indifferent about the employment of games for learning [30] Most important for learning outcomes, however, may be the acceptance of children as the actual learners. Initial acceptance cannot be taken for granted in children, as some hold the (false) belief that playing games is in fact irrelevant for learning [10] [31] [32] . However, because children are the ones most affected by introducing games for learning, acceptance of game-based learning in children may be a crucial factor for learning success. According to the technology acceptance model (TAM) [33] , a prevailing theory to predict adoption of technologies (e.g., [29] [30] [32] [34] [35] [36] [37] ), acceptance of any technology can be predicted by (i) the users' perceived usefulness, as well as (ii) the ease of use of a given technology, in our case the learning game. Therefore, in the current study, we aimed at investigating whether students' acceptance of our game, its ease of use as well as their beliefs about the usefulness of it as a learning tool were associated with their learning success.
Quality of the playing experience
Another critical factor not only for the acceptance but also the learning outcomes of a serious game might be the overall quality of the playing experience (henceforth referred to as flow). This is particularly important, when intending that students will use games for learning not only in school but also in their leisure time as an intrinsically motivated learning experience. In this context, flow experience as a state of peak enjoyment is one of the central indicators for engaging playing experiences (e.g., [38] [39]), often also referred to as optimal experience [40] . Generally, enjoyment or flow level is a key factor for determining whether players will be engaged in the gameplay, perform according to their skills, and achieve the objectives of the game [41] . Moreover, students' enjoyment of learning was observed to be correlated positively with their academic achievement [42] . Flow, in particular, is a complex construct describing a state of complete absorption and engagement in a specific activity. In a state of flow, task-irrelevant thoughts and emotions are prevented, enhancing attention on task relevant actions and thereby improving performance [43] [44] . During this experience, players are in a positive psychological state and totally involved in the goal-driven activity. Persons perceiving this experience are often willing to perform a given activity for its own sake, without being concerned whether they get any external rewards out of this activity. This kind of intrinsic motivation is particularly relevant in (game-based) learning. Against this background, games for learning may be expected to be more effective than non-game based equivalents in terms of enjoyment and flow -possibly also increasing learning outcomes (e.g. [17] [45] ; for a reviews see [18] [46] [47] ).
Present study and hypotheses
In the current study we address one of most challenging problems in primary level mathematics education, the learning and understanding of rational numbers (e.g., [48] ). In fact, dealing with decimals and fractions seems crucial in mathematics education because mastery of the concept of rational numbers is required in more advanced mathematical topics such as algebra. In line with this, it was repeatedly observed that high school students' fraction knowledge highly correlates with their actual mathematics achievement but also predicts future algebra and overall mathematics achievement in high school significantly (e.g., [3] [49] [50] ).
Therefore, we specifically aimed at improving students' rational number knowledge, as one of the most crucial elements for math achievement (e.g. [50] ), using a game-based approach based on number line estimation. Apart from the effectiveness of a short-term game-based training the current study paid specific attention to aspects of user acceptance and their intrinsic motivation, because these seem crucial when introducing a new learning approach. In particular, we were interested whether these player variables influenced learning success but also the experienced flow when playing the game.
Based on above review of recent evidence on learning mathematics, game-based learning, and the aforementioned aspects of acceptance and intrinsic motivation, we derived the following hypotheses: First, the game-based training should significantly improve players' knowledge of rational numbers (Hypothesis 1). Moreover, we expected that this improvement in rational number knowledge due to our game-based training should be associated positively with students' acceptance of the employed game, their general intrinsic motivation doing mathematics (math interest & self-efficacy), and their flow experience during playing (i.e., quality of playing experience; Hypothesis 2). Finally, we expected a positive association of students' flow experience (i.e., quality of playing experience) and students' acceptance of the employed game and their intrinsic motivation (Hypothesis 3).
Method

Participants
32 sixth graders participated in the study. Participants were from one Finnish public primary school. Of the students 19 were females, 13 males. Mean age of the students was 11.94 years (SD = .35 years). Math achievement was measured by students' previous math grade (following the Finnish classification scheme 10 reflects the best and 4 the lowest grade; M = 8.66; SD = .94).
Description of the Semideus School game
We modified the Semideus Exam game that we recently used for assessing students' rational number knowledge [3] [51] to better fit for training purposes. Comparable to the exam version, the gameplay of the new Semideus School game was founded on tasks that require working with number lines implemented as walkable platforms of a mountain including estimating, comparing and ordering tasks (see [3] for a description of the game or https://youtu.be/dVatjMkk0_I for a gameplay video). In the number line estimation tasks of the Semideus School game the player had to find gold coins on a number line with their position indicated by a given number. Additionally, the player faced tasks in which she/he had to compare and order rational numbers according to their magnitudes by putting stones in the correct order ( Figure 1) .
In order to increase learning effectiveness of the game and the quality of the playing experience we utilized the flow framework for educational games [39] in the redesign process. In particular, we focused on clear goals, immediate feedback, challenge-skill balance, and playability dimensions contributing to the flow state.
With respect to playability of the game, we implemented the tutorial phase in a way that a player can not complete the tutorial world without understanding how all the game controls and mechanics work. We divided the main goal, completing the whole Semideus game, into clear subgoals that can be performed at appropriate pace leading to sequence of success feelings. With respect to the challenge-skill balance dimension the difficulty level of the tasks was gradually increased according to player's progress in the game. The flow channel was extended by providing some guidance to the players through scaffolding features. For example, when players repeatedly fail in number line estimation and thereby lose virtual energy (health bar), the game engine provides graphical and numerical landmarks. Additionally, the game engine provides bar chart visualizations that support the understanding of magnitudes in comparison and ordering tasks. Moreover, players may use diamonds (in-game currency) that he/she can gather during the game to demand help from playing companions, a goat and a bird. In estimation tasks, the goat would show the right location of the coin cache to players. In comparison tasks the bird would expand or reduce the fractions so that they have same denominators.
The game engine also generates personal hints for players illustrating identified misconceptions accompanied with links to game levels addressing identified misconceptions. Additionally, players can track his or her performance on a personalized statistics/analytics page. Accuracy on different kinds of number line estimation, comparison, and ordering tasks are illustrated with charts. 
Procedure
During a one-week period, students played the Semideus School game for approximately 2 hours (4 playing sessions of about 30 minutes each). Students were allowed to freely play the game during the sessions with their iPads.
The Semideus School game used in the present study consisted of 59 levels focusing on rational number knowledge (number line estimation, magnitude comparison, and magnitude ordering tasks). The levels of the game were divided into eight game worlds: 1 Tutorial trails, 2 Show your skills I (pretest in the present study), 3 Lesson trails, 4 Beginner trails, and 5 Show your skills II (posttest in the present study). Further game worlds, i.e. 6 Intermediate trails, 7 Show your skills III, and 8 Expert trails, were implemented in the game for students who were progressing faster than others in order to provide them the possibility to keep playing, improve their skills further on, and to not disturb the other students. After completing a level (reaching the mountaintop) the player earned 1 to 3 stars (i.e., one star for completing the level, one star for collecting enough coins, and one star from accuracy or performance reflecting that enough energy was left). In order to open the next game world, players had to pass each level of the current world and achieve 60% of the stars of the world.
The pretest and the posttest levels could be played only once. Although a player could activate different kind of scaffolding features and aids by using earned diamonds in the basic levels, it was not possible in the test levels. The test levels did not include either numerical or graphical landmarks. Furthermore, unlike the basic levels, the test levels were configured in a way that players could not die at all (i.e. running out of virtual energy), but always completed the test levels.
Students were told that they are expected to complete at least the first 30 levels. In that way, we got pre-and posttest scores from all students. At first, students completed the tutorial world and the pretest world. After the pretest, students played through two game worlds that included altogether 20 levels (200 tasks). Once the students completed the posttest and completed the last playing session they answered the questionnaires of the current study.
A researcher instructed all playing sessions and wrote down observation notes about students playing experiences and playing behaviour. The researcher also discussed with the students about the implementation of the game and students' playing experiences.
Measures
Measures related to mathematics
Pre-and posttest Pre-and posttests were embedded directly into the game and the game recorded players answers to a secured server. Both in-game pretest and in-game posttest consisted of 10 estimation tasks (number line 0-1) from which five were fraction number tasks and the rest were decimal number tasks, 10 estimation tasks (number line 0-5) from which five were fraction number tasks and the rest were decimal number tasks, 10 fraction and decimal comparing tasks, and 13 fraction and 
Intrinsic motivation
Intrinsic motivation was measured with self-reported measures of math interest and math selfefficacy. The employed items were framed specifically for mathematics, which allowed to examine intrinsic motivation for the content domain of the employed game. Specifically, items used to measure math interest and math self-efficacy were adopted from [52] . Previous studies have identified (math) self-efficacy and (math) interest as important predecessors and determinants of intrinsic motivation [19] [20] [21] [22] [23] [24] [25] . Math interest was measured by three items and math self-efficacy was measured by three items using 5-point Likert-scales (ranging from 1 = totally disagree to 5 = totally agree).
Math grade
Math grade was determined by participants' previous math grade in school (following the Finnish classification scheme 10 reflects the best and 4 the lowest grade). Participants' teacher provided the math grades.
Measures related to game-based learning
Acceptance of the game as a learning tool The questions measuring acceptance of the game as a learning tool were derived from dimensions of the Technology Acceptance Model [33] . We evaluated acceptance with the Perceived usefulness, Intention to use, and Perceived ease of use dimensions. The first question addressed the perceived usefulness dimension by asking students' opinion on whether they think that the game may be effective in teaching ("I believe that one can learn math by playing the Semideus game.").
The second question addressed the intention to use dimension by asking students whether they would generally prefer game-based over paper-pencil-based training ("I would like to train fraction and decimal numbers by playing the Semideus game rather than doing exercises of a math book."). The third question addressed the perceived ease of use dimension by asking students how easy it was to control the game character ("The controlling of the game character was easy."). A 6-point Likert-scale was used (ranging from 1 = totally disagree to 6 = totally agree).
Quality of playing experience -flow Students' quality of playing experience was evaluated in terms of flow experience [39] [44] . The level of experienced flow during playing the game was measured directly after the last training session with a modified version of the Flow Short Scale [53] . The Flow Short Scale measures flow experience with ten items (7-point Likert-scale ranging from 1 = totally disagree to 7 = totally agree). We modified the statements of the scale from present tense to imperfect and added references to game playing activity.
Analysis
To evaluate whether students improved from pre-to post-assessment a paired samples t-test was conducted with mean correctness as dependent variable. To examine the relation between flow, learning success ([posttest score] -[pretest score]), and user variables correlation analyses were run. Four participants were excluded from correlation analyses since they did not answer the questionnaires and ratings. Additionally, two separate forced-entry multiple regression analyses were used to identify user variables predictive of learning success and perceived flow, respectively. Analyses were performed using the statistical-computing language R [54] . Data visualization was realized with the package corrplot [55] . 
Results
Effectiveness of the game-based training
Using a paired t-test we examined potential improvement in students mean correctness from pre-(M = 69%; SE = 13%) to posttest (M = 80%; SE = 11%) assessment, i.e. number line estimations, comparison tasks and ordering tasks performance. As hypothesized (Hypothesis 1), students improved significantly in their rational number knowledge from pre-to posttest [(t(31) = 6.37; p < .001; Cohen's d = 1.13] indicating that our game-based training was effective.
Acceptance, intrinsic motivation, and learning success
As shown in Figure 2 , the correlation analysis indicated that "perceived usefulness" (r = .41, medium-sized effect according to the classification of [56] , pp. 79-80), "intention to use" (r = .55, large effect) and "perceived ease of use" (r = .39, medium-sized effect, i.e., acceptance of the employed game) correlated positively with learning success, suggesting that variables related to accepting games for teaching/learning and Semideus in particular were associated with students' improvement in rational number knowledge. In a second step, we examined whether variables of acceptance (perceived usefulness; intention to use, perceived ease of use), intrinsic motivation (math interest, self-efficacy), experienced flow, and math grade may be predictive for students' improvement from pre-to posttest (Hypothesis 2). Therefore, we used the learning success as dependent variable and the following user variables as potential predictors in a multiple regression analysis: i) Flow; ii) Self-efficacy; iii) Math grade; iv) Math interest; v) perceived usefulness; vi) intention to use; vii) perceived ease of use. The forcedentry multiple regression model explained 61% of variation in learning success, [i.e., performance improvement from pre-to posttest assessment, F (7, 20 pp.413-414). Results of the regression analysis indicated that perceived usefulness, perceived ease of use, self-efficacy, math interest, math grade were significant predictors of learning success (see Table 1 ). Inspection of the beta weights indicated that higher improvement in rational number knowledge was predicted by students' perceiving Semideus as useful and easy to use. Importantly, while higher math self-efficacy predicted higher improvement in rational number knowledge, the same was true for lower math grades and lower math interest. Flow (unstandardized β = -.038, standardized β = -.403, n.s.) and intention to use (unstandardized β = .014, standardized β = .272, n.s.) did not account for a unique part of the variance of rational number knowledge improvement from pre-to posttest. In order to better understand the negative relation between math grades and learning success a correlation analysis was run, which yielded a rather strong positive relation between these two variables (r = .65, p < .001). This shows that students with better math grades performed already better in the pretest assessing rational number knowledge.
Acceptance, intrinsic motivation, and flow
To evaluate how well individual user variables reflecting students' acceptance of game-based learning, intrinsic motivation, math self-efficacy were associated with students perceived flow experience correlation analyses were run as a first step. As shown in Figure 2 , intention to use (r = .42, medium-sized effect), perceived usefulness (r = .7, large effect), math interest (r = .66, large effect) as well as math self-efficacy (r = .53, large effect) correlated positively with flow, indicating that players' acceptance of the game, their intrinsic motivation, and math self-efficacy were related to their perceived flow (for effect size classification see [56] , pp. 79-80). Again, we investigated which of these variables were predictive of students' perceived flow using a forced-entry multiple regression analysis with the flow score as dependent variable and the following user variables as predictors: i) Self efficacy; ii) Math interest; iii) perceived usefulness; iv) intention to use; v) perceived ease of use. The final regression model explained 72% of variation in participants' perceived flow [F(5,22) = 11.13, p < .001, adj. R² = 0.65] indicating a large effect size following the recommendation of [56] (pp.413-41). Inspection of the beta weights indicated that, perceived usefulness, ease of use, and math interest were significant predictors (see Table 1 ). This reflects that higher acceptance of Semideus as a teaching application, perceived ease of use of the game, and higher math interest were accompanied by higher flow experience within the game (Hypothesis 3). Math self-efficacy (unstandardized β = .306, standardized β = .189, n.s.) and intention to use (unstandardized β = -.073, standardized β = -.128, n.s.) were no significant predictors of students flow experience. 
Discussion
The goal of the current study was to examine whether individual player variables such as intrinsic motivation in math and acceptance of a game-based math learning tool are predictive of learning success and perceived flow experience. Therefore, we employed and evaluated game-based rational number training in sixth graders. Results clearly indicated that post-training self-reports on intrinsic motivation and acceptance of the game as a learning tool were not only predictive of the actual learning success but also the perceived flow. In the following, these results will be discussed in turn and in more detail.
Game based training improves rational number knowledge
In line with recent studies (e.g., [3] [12]), we expected to observe improvements in rational number knowledge through number line based training. Significant performance increases from pre-to posttest confirmed our hypothesis (Hypothesis 1). In particular, 20 levels (200 tasks of number line estimation as well as magnitude comparison and ordering involving fractions) of gameplay improved six grade students' rational number knowledge. Importantly, the pre-as well as the posttest was realized within the game-based environment (i.e., learning context was similar to test conditions) to prevent possible context specific learning effects (e.g. [57] ). Thereby our data further support the use of games not only for assessing (e.g., [3] ) but also for training students' rational number knowledge.
Acceptance and intrinsic motivation predict learning success
Considering the specific goal of the study -the evaluation of aspects of intrinsic motivation and acceptance of game-based learning as predictors of learning success -results were meaningful with medium to large-sized effects. We observed that students who perceived the game as useful for learning mathematics and easy to use improved more strongly with regard to their rational number knowledge (Hypothesis 2; see also Table 1 ). The most important predictor for students' learning success, however, was their math self-efficacy indicating that students who reported strong beliefs on their ability to perform well in mathematics benefitted more from the training (i.e., showed higher performance increases from pre-to posttest) than students with low reported self-efficacy. Unexpectedly, though, students with higher self-reported interest in math and better math grades were not as successful in improving their rational number knowledge as compared to those with lower interest in math and worse math grades. A post-hoc correlation analysis between math grades and pretest performance indicated that students with better math grades already had higher rational number knowledge than students with lower math grades at pretest. In turn, this means that students with lower rational number knowledge benefitted more from the training. This may be due to the fact that because of their lower pretest performance it was easier for these students to further improve their rational number knowledge as compared to those who already had good rational number knowledge (i.e., it may be easier to increase performance from 50% correct to 60% correct as it is to improve from 85% to 95% correct). Nevertheless, this may also indicate that game-based learning of rational numbers may be specifically effective for students with lower prior knowledge on the topic. As with any other new and successful learning technology, acceptance is a critical aspect in achieving large-scale adoption of this technology by potential users. According to the TAM [33] user acceptance and the accompanying belief of performance improvement is predicted by the users' perceived usefulness, as well as the perceived ease of use of the given technology. In the current study, both of these critical variables were observed to be predictive of students' increase in rational number knowledge. In particular, our results indicated that high levels of acceptance of our game-based tool for learning were accompanied by a more pronounced learning success. This is in line with earlier findings of user acceptance factors and (perceived) learning performance in digital learning environments (e.g., [58] [59]). Moreover, although intention of use (i.e., actual preference of using game-based learning instead of a conventional math book), was not found to explain a unique part of the variance of learning success, this does not mean that it may not be a relevant factor as well. Importantly, we observed a positive correlation between learning success and intention to use, indicating that the preference of using a game for learning math was indeed positively related to the improvement in rational number knowledge. However, as intention to use was moderately correlated to perceived usefulness and the latter variable was already included in the regression model possible unique influences of intention to use might have been masked.
As regards measures of intrinsic motivation math self-efficacy, as a crucial predecessor of intrinsic motivation [19] [20] , was most predictive of the learning success. Numerous previous studies have suggested that a higher degree of self-efficacy leads to improved learning/training performance in digital learning environments, because it usually comes with a more positive attitude towards the learning content [60] [61] [62] . In other words, learners' perceived self-efficacy influences the attitude and ability to acquire new knowledge [63] . This is particularly important, as self-efficacy is an essential factor to increase learners' self-regulation in digital learning environments [64] , and thereby promote self-regulated interaction with the new learning technology. Moreover, in the domain of learning mathematics self-efficacy is an important predictor of math related performance (e.g., [21] [22] [23] [24] [25] ). Importantly, however, high math interest was not predictive for higher learning success. Instead, lower math interest was associated with more pronounced learning success. This might indicate that students with an already high interest in math and thereby high intrinsic motivation in doing mathematics might not benefit as much from the engaging effect of a game-based training approach as students with lower interest in mathematics. For the latter, the engaging nature of games may be particularly suitable to increase attention on the training content.
Acceptance and intrinsic motivation predict flow
Extending prior studies on flow experience, as a state of peak enjoyment and high quality of playing experience (e.g., [38] [39]), and its relation to intrinsic motivation (e.g., [40] [65] [66] ) as well as technology acceptance (e.g. [67] [68] [69] ), the present study focused on whether the latter aspects were predictive of quality of playing experience (as operationalized as perceived flow). In particular, we hypothesized that higher intrinsic motivation, as assessed with math interest and math self-efficacy, as well as higher acceptance of the game as a learning tool should be accompanied by higher experience of flow (Hypothesis 3; see also Table 1 ).
The current results largely corroborated this hypothesis. In fact, we were able to predict large proportions of variance in users' perceived flow. In line with our expectations, we observed that higher math interest predicted higher states of perceived flow during learning with the game. Recently, intrinsic (math) interest was suggested to be one of three basic elements (besides absorption and enjoyment) composing flow (for a review see [70] ). Our results lend empirical support to this suggestion. Moreover, as expected high flow was predicted by higher perceived usefulness and ease of use. Both of these predictors are not only key determinants of user technology adoption (e.g., [71] [72] [73] ) but also seem to be highly relevant for the playing experience. This result emphasizes the crucial importance of basic variables of technology acceptance for the actual perception of high flow experience. Specifically the ease of use or controllability is often mentioned as a core factor of flow experience during learning (e.g., [74] [75] ). This also explains why the aspect "sense of control" is often included in the assessment of flow (see e.g. [38] [53]), although this factor is usually defined more broadly and not restricted to ease of handling of a specific learning activity or task.
The multiple regression analysis also indicated that math self-efficacy and intention to use did not account for an additional unique part of the variance of flow. However, comparable to the case for the prediction of learning success these two variables were moderately correlated with students' experienced flow. Additionally, there were high correlations between math self-efficacy and math interest as well as between intention to use and perceived usefulness. In both cases, the variables seem to reflect predecessors of each other. In other words, self-efficacy increases interest in different scenarios [76] [77] [78] . Similar findings indicate that the rise of perceived usefulness positively affects the intention to use digital learning environments [61] . This might explain why only math interest and perceived usefulness did account for unique parts of variance in the multiple regression model.
Limitations and Perspectives
The present study yielded promising results regarding the importance of variables covering user acceptance and intrinsic motivation to predict learning success and users' experienced flow in a digital math game. Moreover, current results demonstrated that games can be used to increase students' rational number knowledge. However, there are some limitations that should be considered when planning future studies. First, in the current study we considered only a limited number of variables that might be relevant for assessing technology acceptance. In particular, user experience variables and other sociodemographic variables, such as aesthetics, involvement, novelty (e.g., [79] ), enjoyment (e.g., [80] ), gaming experience, gender (e.g., [32] [81]) etc., should be addressed in future studies. New insights might also be gained by investigating user engagement more deeply, for instance, by using the User Engagement Scale [79] . This might not only help to better understand underlying mechanism of large-scale serious games adoption as well as extending other more complex models, such as the Unified Theory of Acceptance and Use of Technology [82] . Instead, it may also improve the prediction of learning success and flow experience by a more comprehensive set of variables. Importantly, however, the current study did not set out to evaluate or extend the TAM. Hence, we focused on most commonly reported critical variables of usage intentions and behavior to predict learning success and flow experience.
Another limitation of the current study is the restricted sample of students. For a more detailed analysis of TAM, flow experience or learning success, a larger sample size would be desirable. Apart from increasing statistical power, a larger sample size would allow for conducting more complex analyses, such as structural equation modeling, which might help to better understand underlying working mechanisms of learning success, flow experience, and serious games adoption. Moreover, due to the employed field testing in schools, our research design was restricted to the possibilities offered by the participating school classes, which led us to select only a limited set of variables to be examined in the current study. For instance, the limited time available in schools also was the reason why we decided to use single items only to assess perceived usefulness, intention to use, and perceived ease of use. This might have reduced validity and should be improved in future studies. The latter might benefit considerably from a more rigorous selection of variables, which may also reduce overall testing time in school. Despite these limitations, results from the present investigation extend the discussion on the successful use of games for learning mathematics by the identification of possible predictors of user experience and learning success
Conclusions
Recent evidence indicated that digital math games are an effective approach for improving students' learning. Going beyond previous studies, we investigated how individual variables critical to game-based learning influenced students' learning success. In particular, we investigated whether learning success in a game-based rational number training was predicted by students' acceptance of a game as a learning tool -in terms of its perceived usefulness, perceived ease of use, students' intention to use it -as well as their intrinsic motivation for math -in terms of their math interest and self-efficacy -and flow experience while playing. Additionally, we investigated the influence of the former variables on flow. Our results indicated that the game-based training was effective for improving rational number knowledge in sixth graders. Importantly, students' learning success was predicted by perceived usefulness of the game as a learning tool and ease of use, as well as math self-efficacy, math interest, and math grade. Moreover, students' experienced flow during playing was predicted by perceived usefulness as well as ease of use, and their math interest. Taken together, students' learning success and perceived flow seemed to be determined by their acceptance of a game as a learning tool and their intrinsic motivation for the respective learning domain. These results do not only have crucial implications for serious games research, but also for developers and practitioners applying and designing game-based learning environments. In particular, they suggest that games provide an effective learning approach but that it is important to consider learners prior knowledge and interest in the learning content as these may reduce the engaging effects of game-based learning when high (e.g., [83] for a review). Therefore, game-based learning might be particularly effective in low-performing students or students with low interest in the learning content.
